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REMARKS 



The Examiner's Office Action of May 19, 2004 has been received and its contents 
reviewed. Applicants would like to thank the Examiner for the consideration given to the 
above-identified application, and for the Examiner's time preparing and conducting the 
personal interview with Applicants' representative on April 19, 2005. 

This response is being filed during appeal to attempt to overcome the pending 
rejections, or, at least, to reduce the issues on appeal, if deemed necessary. 

Referring now to Section 1, page 2 of the Office Action, the reference to Misura et al. 
{High-Performance Low-Temperature Poly-Si TFTs for LCD) was submitted in the 9/9/02 
IDS and re-submitted in the Fax dated April 15, 2004. Hence, Applicants respectfully 
request the Examiner to consider the Misura et al. reference. A courtesy copy of this 
reference is again provided herewith. 

With respect to the Fax of 4/15/04 and missing translation for JP 61-31288 and JP 61- 
725549 and the DE 39 25085C1 with an abstract, Applicants have provided all of the above- 
mentioned documents in the Supplemental Information Disclosure Statement filed July 13, 
2004. A search using PTO's private PAIR shows that the Supplemental IDS of July 13, 2004 
has been received and entered. It is requested that the Examiner contact the undersigned if 
copies can still not be located at the Patent Office, so that courtesy copies can be provided for 
consideration by the Examiner. 

With regard to Sections 2-4 on pages 2-3 of the Office Action, Applicants elected 
Species c, subspecies (ii) directed to silicon nitride in the Response filed September 5, 2003. 
According to the Examiner, the following claims are deemed as directed to Applicants- 
elected species: Claims 1-4, 6-9, 18, 20-22, 61-62, 64, 66-67, 69, 71-72, 74, 76-77, 79, 81- 
82, 84, 86-87, 89, 91-96, 102-111 and 131- 135. 

Applicants note that, in the Office Action Summary (form PTO-326) dated April 19, 
2004, claim 19 was summarized as a rejected claim and was omitted in the list of claims 
withdrawn from consideration. As claim 19 is directed to a non-elected species (i.e., ion- 
blocking film comprising silicon oxide), claim 19 is withdrawn. 

Claims 20-22 have been amended, as shown above, to correct an obvious 
typographical error. As a result, claims 20-22 are now dependent from claim 17. 

Applicants note that claim 112 is directed to a non-elected invention. Hence, claim 
112 should be included in the list of non-elected claims in Section 4, page 3 of the Office 
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Action. Also, claim 112 should be deleted from the list of rejected claims in the Office 
Action Summary (form PTO-326) dated April 19, 2004. 

Responsive to Section 4, page 3 of the Office Action, Applicants have withdrawn 
non-elected claims 11-13, 17, 19-60, 63, 65, 68, 70, 73, 75, 78, 80, 83, 85, 88, 90, 97-101, 
112-130 and 136-139, as shown above. 

Further, Applicants would like to point out to the Examiner that claims 14 and 16 
have previously been cancelled as shown in the Second Supplemental Amendment filed 
November 1, 2002. Accordingly, claims 14 and 16 should be deleted from the list of non- 
elected claims in Section 4 in page 3 and in the list of pending claims in the Office Action 
Summary (form PTO-326) dated April 19, 2004. 

With regard to Section 5 on page 3 of the Office Action, the Examiner is thanked for 
indicating that §112 rejections and §103 art rejections of claims 1-4, 6-9, 1 1-14, 16-139 based 
on Yamazaki et al. (U.S. Patent No. 4,786,358) are removed as a result of the claim 
amendments submitted in the Supplemental Amendments filed August 30, 2002 (PTO date- 
stamped 9/9/02) and the Second Supplemental Amendment filed November 1, 2002 (PTO 
date-stamped 11/01/02). 

With respect to Section 6 on page 3 of the Office Action, claims 61-96 and 101-109 
stand rejected under 35 U.S.C. §112, first paragraph, as containing subject matter not 
described in the specification in such a way as to reasonably convey to one skilled in the 
relevant art that the inventors, at the time of the application was filed, had possession of the 
claimed invention, and as the claims contain subject matter, which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, to make 
and/or use the invention. More specifically, the Examiner stated that new claims 61, 66, 71, 
76, 81 and 86 added new limitations concerning "an active matrix display device having an 
active matrix circuit and a driving circuit" and limitations concerning forming "a plurality of 
thin film transistors using... channel regions...", and the Examiner alleged that no discussion 
as to a "driving circuit" or what it might be, hence it appears to be new matter of unknown 
meaning and scope. The Examiner further alleged that nothing about channel regions or how 
to produce a single transistor or a plurality thereof was shown in the specification. In 
response, Applicants respectfully assert that page 11, lines 3-11, page 10, lines 16-17 and 
Figs. 7A-7D and 8, for example, provide support for the above-discussed claimed features. 
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As another example, on page 12, lines 22-23 of the present specification, it is stated 
that the descriptions of Figs. 7A-7D detailed how an active matrix circuit for driving a liquid 
crystal device is produced. 

In the Examiner Interview Summary dated April 19, 2005, the Examiner kindly 
suggested Applicants to provide examples of prior art references teaching the fundamentals 
of active matrix display technology and providing a definition for driving circuit. In 
response, Applicants submit herewith a copy of each of the following three short references 
that were previously submitted in IDS's: 

1. Fujii et al. "A 10 MHz Intergrated Driver Circuit for Active Matrix 
LCDs Using Laser-Recrystallized Silicon TFTs" pp. 448-451, Jan. 
1987,IEDM87. 

2. Misura et al., "High-Performance Low-Temperature Poly-Si TFTs 
for LCD", pp. 436-439, Jan. 1987, 1EDM87. 

3. Sera et al., "High-Performance TFTs Fabricated by XeCl Excimer 
Laser Annealing of Hydrogenated Amorphous-Silicon Film", pp. 
2868-2872, IEEE Transactions on Electron Devices, Vol. 36, No. 12, 
December 1989. 

Applicants have highlighted portions of the above-mentioned references that may be 
of interest to the Examiner. 

In view of the prior art references listed above, and in view of the disclosure in Figs. 
7A-7D and 8 and, e.g., page 11, lines 3-11, page 12, lines 22-23, Applicants respectfully 
assert that the specification is fully enabling to a person of ordinary skills in the art to which 
it pertains. Accordingly, Applicants respectfully request reconsideration and withdrawal of 
the §112, first paragraph, rejection. 

With respect to Section 8, page 5 of the Office Action, claims 19-22 and 134-135 
stand rejected under 35 U.S.C. §112, second paragraph because the "ion blocking layer" in 
claims 19-22 has no proper antecedent basis and "a plurality of times" mismatches a single 
article with a plural noun in claims 134-135. In response, Applicants have withdrawn claim 
19 and amended claims 20-22 to depend from 17 to overcome this rejection. 

Further, Applicants have amended claims 134-135, as shown above, to correct a 
typographical error and to improve the clarity of the claim language. However, with respect 
to the phrase "a plurality of times", Applicants respectfully assert that the phrase is 
grammatically correct and does not need to be amended, as such a recitation would be readily 
known to one of skill in the art. 
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The Examiner asserted that claim 18 effectively recites the same limitation as claim 
14. In response, Applicants have cancelled claim 18, as shown above. 

Claims 32-34 stand objected to under 37 C.F.R. 1.75(c) as being of improper 
dependent form for failing to further limit the subject matter of a previous claim, and claims 
32-34 are alleged to be identical to claims 28-30. In response, Applicants have amended 
claims 32-34 to properly depend from claim 31 , which should overcome this objection. 

In Section 9, page 6 of the Office Action, claims 1-4, 6-9, 18-22, 110-111 and 132- 
135 stand rejected under 35 U.S.C. § 103(a) as unpatentable over Mikio Hongou or Hongou et 
al. in translation (JP 57-94482 - hereafter Hongou '482), alone or alternatively in view of 
Nishimura et al. (JP 60-147,1 1 1A - hereafter Nishimura). Further, in Section 10, page 7 of 
the Office Action, claims 61-62, 66-67, 69, 71-72, 74, 76-77, 79, 81-82, 84, 86-87, 89, 91-96, 
102-109 and 131 stand rejected under 35 U.S.C. §103(a) as unpatentable over Hongou, in 
view of Nishimura, and further in view of Matsudarra et al. (JP 60-226,042A - hereafter 
Matsudarra) and Miller. Finally, in Section 12, page 7 of the Office Action, claims 1-4, 6-9, 
18-22, 1 10-1 11, 132-135 stand rejected under the judicially created doctrine of obviousness- 
type double patenting as unpatentable over claims 1 and 5-15 of Yamazaki et al. (U.S. Patent 
4,786,358) in view of Hongou and Nishimura; and, in Section 13, page 8 of the Office 
Action, claims 1-4, 6-9, 18-22, 110-111, 132-135 stand rejected under the judicially created 
doctrine of obviousness-type double patenting as unpatentable over claims 1-44 of U.S. 
Patent No. 6,149,988 (Shinohara et al.). 

With respect to the double patenting rejections, Applicants respectfully request that 
the rejections be held in abeyance until all the claims are otherwise in a condition for 
allowance. 

With respect to the § 103(a) rejections, Applicants have discussed the primary 
reference, Hongou '482, with the Examiner during the interview, as indicated in the Interview 
Summary. The Examiner's acknowledgement that Hongou '482 does not teach scanning the 
laser beam in the manner recited in the pending claims is greatly appreciated. For the record, 
however, Applicants respectfully traverse the obviousness rejections at least for the reasons 
provided below. 

As noted in detail during the Examiner's interview, Applicants respectfully assert that 
Hongou '482 does not teach, disclose or suggest scanning an object with a condensed laser 
beam in a direction orthogonal to the recited first direction, wherein a length of the third cross 
section in the first direction is longer than the width of the third cross section in the direction 
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orthogonal to the first direction. Instead, Hongou '482 (English translation) teaches scanning 
a beam that is oriented in a manner perpendicular to the beam of the present invention. 

As disclosed at least in Fig. 7, page 3, lines 3-6, page 8, lines 2-4 from the bottom of 
the page, and page 9, lines 3-11, for example, Hongou teaches scanning a beam in the same 
direction as the longitudinal direction of the beam spot. Further, as disclosed in Fig. 7 and its 
associated description in page 10, lines 1-5 of Hongou, the length of the beam spot is moved 
in a tangential direction of a glass disc. 

To facilitate the explanation of the scanning direction of the beam spot of Hongou, 
Applicants are attached herewith Attachment A with a marked up Fig. 10 of Hongou showing 
the scanning direction marked as "A". 

On the other hand, Applicants' pending claims recite a laser beam having a particular 
geometric shape that is scanned in a direction relative to the geometric shape of the laser 
beam as shown in Attachment B which shows the scanning direction shown "B". As such, 
Applicants' laser beam scanning in the claimed direction has a different configuration and is 
functionally different from that of Hongou. Applicants' claimed steps enable the treatment of 
a large surface area more efficiently than the beam spot of Hongou. 

Applicants respectfully assert that Hongou is deficient in teaching, disclosing or 
suggesting at least the step of scanning an object with the condensed laser beam in a direction 
orthogonal to the first direction, wherein a length of the third cross section in said first 
direction is longer than a width of the third cross section in said direction orthogonal to the 
first direction, as recited in claim 1 . 

Further, Applicants respectfully assert that Hongou is deficient in teaching, disclosing 
or suggesting at least the step of scanning an object with the condensed laser beam in a 
direction orthogonal to the first direction, wherein a length of the third cross section in said 
first direction is longer than a width of the third cross section in said direction orthogonal to 
the first direction, and wherein the length of the third cross section in the first direction is 
longer than a length of the first cross section in the first direction, and the width of the third 
cross section in the second direction is smaller than the width of the first cross section in the 
second direction, as recited in independent claim 6. 

Still further, Applicants respectfully assert that Hongou is deficient in teaching, 
disclosing or suggesting at least the step of irradiating the semiconductor layer with the 
condensed laser beam having a second cross section at a surface of the semiconductor layer 
wherein a length of said second cross section in said first direction is longer than that of said 
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first cross section and a width of said second cross section in said second direction is smaller 
than that of said first cross section, as recited in independent claims 61, 66, 71, 76, 81 and 86. 

As Hongou is the primary reference in all of the pending § 103(a) rejections and as 
Hongou is deficient as noted above, the combination of Hongou with Nishimura, Matsudarra, 
and/or Miller is improper and a prima facie case of obviousness has not be established in the 
rejection of independent claims 1, 6, 61, 66, 71, 76, 81 and 86, as well as their respective 
dependent claims. 

In order to keep prosecution history compact, and as the arguments against the 
rejection of the pending independent claims are deem sufficient to overcome the pending 
§ 103(a) rejections, Applicants will not address each and every rejection of the pending 
dependent claims. Applicants reserve the right to do so in the future, as necessary, and all 
arguments presented in Applicant's prior responses are also incorporated herein by reference. 

While the present application is now believed to be in condition for allowance, should 
the Examiner find some issue to remain unresolved, or should any new issues arise, which 
could be eliminated through discussions with Applicants' representative, then the Examiner is 
invited to contact the undersigned by telephone in order that the further prosecution of this 
application can thereby by expedited. 

Respectfully submitted, 




NIXON PEABODY LLP 
Suite 900, 401 9 th Street, N.W. 
Washington, D.C. 20004-2128 
(202) 585-8000 
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A 10MHz INTEGRATED DRIVER CIRCUIT FOR ACTIVE-MATRIX LCDs 
USING LASER-RECRYSTALLIZED SILICON TFTs 



E. Fujii, K. Senda, F. Emoto, T. Ishihara, and G, Kano 



Electronics Research Laboratory Matsushita Electronics Corporation 
1-1, Saiwai-cho, Takatsuki, Osaka 569, JAPAN 



ABSTRACT 

A monolithic integration of the horizontal 
driver circuit into the LCD substrate is 
demonstrated. The operation frequency of the TFT 
driver was elevated up to IOMHz by successful use 
of the iaser-recrystallization technique. The 
horizontal driver circuit, of which the unit stage 
is composed of a D-flip flop shift register and 2- 
stage buffer amplifier, was fabricated on a quartz 
substrate together with the vertical driver and 
the active-matrix- 



INTRODUCTION 

Active-matrix LCDs have received increasing 
attention in view of an apprication to the small- 
size TVs (1). In this paper, we demonstrate for 
the first time the monolithic integration of the 
horizontal driver circuit into the LCD substrate. 
It is known that the operation frequency of the 
TFTs is strongly dependent on the grain size of 
the deposited polysilicon film. We show that a 
novel laser-recrystallization technique is 
effective in enlarging the grain size resulting in 
the dramatic increase of the operation frequency 
due to the increases of the electron and hole 
mobilities. By applying this technique, we 
succeeded in implementing a monolithic active- 
matrix LCD substrate operating up to 10MHz. 



LASER - RECRYSTALLIZATION 

In order to incorporate the horizontal driver 
circuit into LCD substrate, the operation 
frequency of the TFT must be elevated. To enlarge 
the grains of the polysilicon film is essentially 
requested for this purpose. The laser- 
recrystallization technique is known to be one of 



the most promising ways to enlarge the grains of 
the polysilicon film. However, the 
recrystallization technique so far developed 
possesses such the disadvantage that mechanical 
cracks are likely to occur because of the thermal 
expansion mismatch between the silicon and the 
quartz. We demonstrate here a novel technique that 
eliminates the above disadvantage. The principle 
of this technique is based on the connected-island 
technique (2) which is often used in zone-melting 
method (3). A schematic drawing which illustrates 
the new technique is shown in Fig.l. Note that an 
elliptically-shaped beam (4) is used. This method 
is powerful not only for eliminating cracks but 
also for obtaining large grains. This situation is 
seen in Figs.2 and 3, where the photomicrograph of 
the SirtI etched surface and the TEM photograph of 
the recrystallized region are shown, respectively. 
The flat melt front rendered by an elliptically- 
shaped laser beam is desirable to prevent the 
formation of grain boundaries propagating from the 
island edges to the island center (5). The nallow 
silicon regions, through which islands are 
connected one another, serve as seeding region in 
the crystalline growth. The average grain size 
measured are larger than 5 p as can be seen in 
Figs.2 and 3. 



MONOLITHIC ACTIVE-MATRIX LCD SUBSTRATE 

A schematic structure of the monolithic 
active-matrix LCD substrate is shown in Fig.4. The 
vertical driver and the horizontal driver circuits 
are connected to the gate and to the drain of the 
matrix TFTs, respectively. The circuit diagram for 
one stage of the vertical and horizontal drivers 
is shown in Fig.5. The unit stage consists of a D- 
flip flop shift register and a 2-stage buffer 
amplifier. Note that only the region for the 
horizontal driver is partially recrystallized by 
laser-annealing. 

A schematic cross-sectional view of the unit 
inverter is shown in Fig.6. The p- and n-channel 
TFTs are fabricated in laser-recryst alii zed 
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silicon islands on a quartz substarte. The 
fabrication steps for the horizontal driver 
circuit is shown in Fig.7. A deposited polysilicon 
film with a thickness of 0*5 pm on a quartz 
substrate was delineated with such the connected 
island structure as shown in Fig.7(a). The silicon 
islands were capped with a CVD silicon dioxide 
having a thickness of 1.0 ^um. After laser- 
recrystatlization, the silicon dioxide cap was 
removed and boron was implanted for threshold 
voltage control of n-channel TFTs. The 
recrystallized area outside the active device 
region was etched off as shown in Fig.7(b). 
Finally, p- and n-channel transistors were formed 
using the conventional CMOS process, A completed 
pattern of the inverter is shown in Fig.7(c). A 
photomicrograph of the part of the fabricated 
driver is given in Fig.8. 



DEVICE PERFORMANCE 

The typical subthreshold characteristics of 
the fabricated p- and n-channei TFTs are shown in 
Fig.9. Both of the length and the width of the 
channel are 10 jim. A thickness of the gate oxide 
is 1200A. The threshold voltages for p- and n- 
channels were 1.5V and -2.5V, respectively. The 
electron mobility and the hole mobility catcurated 
from the I-V characteristics were 450cm* /V*S and 
150cm* /V«S, respectively. It is apparent that the 
increase of the mobilities is due to the enlarged 
grains by the laser-recrystallizatioru 

The transfer characteristics of the CMOS 
inverter are shown in Fig. 10. It is seen that the 
transfer characteristics are sharp and that the 
threshold voltage of the inverter is well 
controled to be a half of VDD. 

The output signal waveforms of the driver 
circuit are shown in Fig. 11. It should be noted 
that the driver well operates even at 10MHz under 
a clock voltage of 5V. 



SUMMARY 

A monolithic integration of the horizontal 
driver circuits into the LCD substrate is 
demonstrated. The operation frequency of the TFT 
driver has been elevated up to 10MHz by successful 
use of the laser-recrystallization technique. 
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Fig.l Schematic top view of the connected islands 
and laser beam spot. 



18.4 



IEDM 87-449 



.v-/0:.;> 



10 >im 



Fig.5 Circuit diagram for the fabricated driver. 



Fig.2 Photomicrograph of the Sirtl etched sample. 
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Fig.6 Schematic cross-sectional view of TFTs. 
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Fig.3 TEM photograph of the recryst alii zed 
silicon film. 
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Fig.4 Schematic structure of the monolithic 
active-matrix LCD substrate. 



Fig.7 Process flow of the CMOS inverter. 
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Fig.8 Photomicrograph of the fabricated driver. 




Fig*9 Subthreshold characteristics of the p- 

channel and n-channel TFTs of the same size 
of W/L=10/10 under |VD| =5,10V. 
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Fig, 11 Clock $ and output signal waveform at (a) 
2MHz and (b) 10MHz frequencies under 
VDD=14V. 



Fig, 10 Transfer characteristics of the fabricated 
inverter under VDD=8,10,12V. 
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High-Perfoimance TFT's Fabricated by XeCl 
Excimer Laser Annealing of Hydrogenated 
Amorphous-SUicon Film 

KENJI SERA, FUJIO OKUMURA, member, ieee, HIROYUKI UCHIDA, SHINJI ITOH 
SETSUO KANEKO, and KAZUAKI HOTTA 1 



4*rt/wcr-HIgh-pcrformancc staggered a-Si : H and poly-Si thin-film 
transistors (TFT's) have been successfully fabricated by XeCJ excimer 
laser annealing of a-Si : H 61ms. The 5eld effect mobility of poly-Si TFT 
Is 102 cm J /V • s, and thai of a-Si:H TFT is 0.23 cm'/V ■ i. Their 

( drain current on /oft ratios are over 10*. Eicept for the crystal liza- 
Uon, the fabrication process was the same for both or them. This pro- 

j cess appears extremely promising for the integration of matrix ele- 

j menls and peripheral drivers in a single substrate. 

f 

ii 

|| I. Introduction 

RECENTLY, there has been a growing interest in ac- 
tive-matrix liquid-crystal displays (AMLCD's) ad- 
dressed by TFT's. For such applications, a-Si:H TFT's 
;have been attracting much attention in recent years. How- 
jcver^the carrier mobility for a-Si:H, which is less than 
jl cm /V • s, is unsuitable for peripheral circuits as vi- 
'deoscanners, where fairly high mobility is required. In 
:order to avoid the difficult task of connecting an active 
jelement with external drivers, several research groups 
ihave fabricated AMLCD's with integrated drivers using 
;po!y-Si TFT's [1], [2]. One of the disadvantages of poly- 
jSi TFT's is their high processing temperature, which re- 
quires the use of an expensive substrate. To overcome this 
.problem, Sameshima et al. developed a poly-Si TFT fab- 
ricated by excimer laser annealing of a-Si:H film [3J. 
However, the high leakage current of the poly-Si TFT's 
is not yet suitable for active elements. 

This paper presents a new, fully integrated AMLCD 
technology that employs staggered a-Si : H TFT's and ex- 
cimer laser annealing, as shown in Fig. 1. To realize a 
fully integrated AMLCD, the combination of a-Si:H 
jTFT's for active elements and poly-Si TFT's for periph- 
eral circuits is the most suitable method. The staggered 
structure has the additional advantage of reducing leakage 
fcurrem. In this fabrication process, both a-Si : H TFT's 
and poly-Si TFT's are fabricated with the same process, 
except for the laser annealing step. Additional doping 
processes are no longer required, because doping is 
achieved by melting an n + -a-Si:H layer. Since all pro- 
cessing temperatures are below 260°C, it is possible to 

; Manuscript received December 13. 1988; revised August 30, 1989 
: The authors are with the Optoelectronics Research Laboratories, NEC 
Corporation, Miyamae-ku Kawasaki 213, Japan. 
r IEEE Log Number 8931490. 



use a cheap glass. This process is also free from several 
problems which usually occur in high-tempera lU r.. pro 
cesses. Superior hydrogen passivation is obtained | or the 
poly-Si film by the use of an a-Si:H film as a starting 
materia). s 

II. Device Fabrication 
Fig. 2 shows the fabrication process for a-Si • H TFT's 
and poly-Si TFT's with the excimer laser annealing 
method. A 500-A sputtered Cr layer and a 300-A n + - 
a-Si:H layer were deposited on a glass substra'e and 
etched to define the source/drain electrodes. An u^oped 
a-Si;H film of 1500 A was deposited by the RF-glow 
discharge method at below 260°C. The a-Si : H layer was 
locally crystallized by excimer laser annealing for the 
poly-Si TFT's. The excimer laser annealing method is I 
discussed later in detail. After annealing, both the crys- 
tallized and noncrystallized a-Si:H films were plasma 
etched at the same time to define island patterns. An ad- 
ditional 3000-A RF-glow discharge SiN, film as a gate 
insulator was deposited at 0.12 W/cm 2 RF-pov-- den- 
sity, which was followed by contact etching. A 2000-A 
sputtered Cr layer was used for metallization. 

The excimer laser annealing process was carried out in 
a vacuum chamber at room temperature. A sample was 
placed in the chamber mounted on an x-y-z pulsed stage. 
The laser beam was focused on the Si surface through a 
lens and quartz window. The laser-energy density was 
controlled by varying the distance between the lens and 
Si surface, using a ^-pulsed stage. The laser enrigy den- 
sity, used in the crystallization process, was between 140 
and 160 mJ/cm 2 per pulse. The chamber was pumped out 
to high vacuum to avoid contamination and oxidation. The 
XeCl excimer laser system produces 308-nm light pulses 
with a pulsewidth of 35 ns. The pulse energy was 100 
raJ/shot. The laser beam size was 5 x 10 mm on the 
surface of the sample and was clocked at 10 Hz. The de- 
velopment of this laser system was reported previously 
[4]. 

ID. Results 



A a-Si H TFT 

Staggered a-Si : H TFT's are inferior to inverted-stag* — ( 
gered a-Si:H TFT's in terms of electron mobility and-p 
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Fig. 2. Flowchart of the fabrication process for a-Si : H TFT and poly -Si 
* TFT with excimer laser annealing method. 



threshold voltage. This is mainly due to the fact that the 
plasma damage to the a-Si : H film during the SiN, de- 
position degrades the TFT performance. However, the 
electrical characteristics of SiN, degrade with decreasing 
RF-power density. This is the reason why the electron 
(nobility degrades at low RF-power density. In order to 
determine the optimum RF-power density, the staggered 
a^Si:H TFT characteristics were monitored at various 
RF-power densities. Fig. 3 shows the field effect mobility 
Heir and the threshold voltage V T as a function of RF-power 
tensity. These graphs clearly show that K r becomes lower 
and /i cff becomes higher with decreasing RF-power den- 
sity. By optimizing RF power, significant improvement 
wjw obtained in the a-Si:H TFTs characteristics. The 
maximum field-effect mobility of the a-Si:H TFT was 
O.p cm 2 /V • s. 

B ■ Poly-Si TFT's 

TFT output characteristics {1 D -Vc) at various laser in- 
tensities are shown in Fig. 4. The channel width and the 
channel length were 40 and 20 pm, respectively. The drain 
Voltage was 10 V. The intensities of the XeCl excimer 
kser were 160 mJ/cm 2 , 147 mJ/cm 2 , and no irradiation, 
fcspectively. Threshold voltage V T and field effect mo- 
^i tv Meff were estimated from the >/7^-V c characterise 
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Fig. 3. Mobility and V T as functions of RF power density in the gate in- 
sulator deposition. 
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Fig. 4. The tv-V 0 characicrisrics of TFT'i with various laser intensities 
y D = 10 V. W/L = 40 ,im/20 fim. 

tics. The field-effect mobility ^ cff was calculated to be 102 
cm 2 /V • s at 160 mJ/cm 2 , 10 cm 2 /V ■ s at 141 mJ/cm 2 , 
and 0.23 cm 2 /V * s at no irradiation. The threshold volt- 
age was calculated to be about 8 V at laser irradiation and 
4.5 V at no irradiation. In this way, the TFT character- 
istics were improved with increasing laser intensity. In 
this TFT, leakage current reduction has been achieved by 
employing the staggered structure. The on /off ratio for 
the drain current was over 10 6 . /©"^b characteristics for 
a poly-Si TFT produced with 160 mJ/cm 2 irradiation are 
shown in Fig. 5. 

IV. Discussion 
/4. Crystallization by Excimer Laser 

When an a-Si : H thin film was irradiated by a pulsed 
excimer laser, since the absorption coefficient of the 
a-Si:H was 1 x 10 6 cm* 1 at 308 nm, the laser energy 
was absorbed within 200 A. Fig. 4 shows a cross-sec- 
tional TEM micrograph of film irradiated at 160-mJ/cm 2 
intensity. In this figure, it is clearly observed that only the 
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Fig. 5. THe lt>-V D characteristics of TFTs at 160 mJ/cm 3 jrradUlion. 

top 150 nm of the film was crystallized by a laser pulse at 
160 mJ /cm 2 . The crystallized layer was divided imo two 
• layers, a 500- A -thick upper large-grain poly-Si layer and 
a 1000- A-thick lower microcrystalline layer. The grain. 
:j size was about 200 nm at the upper layer and less than 30 
■j nm at the lower layer. No damage was observed at the 
| interface of the glass and the a-Si : H film. From our ex- 
; : periment, the upper layer thickness decreases with de- 
■ creasing laser energy density without decreasing the lower 
rnicrocrystallized layer thickness. Only the microcrystal- 
Hzed layer was observed in the irradiated film at 130 
mJ/cm 2 , which coincides with the melt-threshold energy 
density reported by Sameshima et al [5). Based on the 
results, we concluded that this double-layer crystalliza- 
tion is mainly due to the difference in crystallization pro- 
cesses. The upper layer was crystallized with a melt- 
growth process and the lower layer was crystallized with 
i a solid-phase growth process. Explosive release of hydro- 
gen atoms occurred at above 200 mJ /cm 2 . This caused Si 
film quality degradation. These results indicate that a suit- 
able intensity was between 140 and 180 mJ/cm 2 . 

B. Poly-Si TFT Characteristics 

The grain size, produced by an excimer laser crystalli- 
} zation, was around 200 nm, as shown in Fig. 6. Small 
"round grains were obtained by the laser annealing, in con- 
trast to the columnar grains produced by a conventional 
;;LPCVD. In spite of a small size grain, excellent charac- 
teristics were obtained. The potential barrier height at the 
.'•grain boundary (0.05 eV) in the laser crystallized poly- 
j'Si, which was determined by the temperature dependence 
''of the on current, is smaller than that of the LPCVD poly- 
Si grains ( >0.1 eV). The reason for the small potential 
barrier height seems to be superior hydrogen passivation. 

Since the excimer laser annealing is a local-heating pro- 
cess, optimization of both the thickness of a-Si:H and 
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Fig. 6. Cross-sectional TEM micrograph of a-Si : H film irradiated XeCI 
excimer laser { 308 nm, 160 m) /cm 2 ). 



then n*-a-Si:H thickness are required to obtain a good 
source-drain contact. Actually, slightly weak contact 
characteristics were observed, as shown in Fig. 5, be- 
cause these optimizations were not enough. 

C. Leakage Current 

Conventional coplanar structure poly-Si TFTV huve an 
anomalous leakage current problem. According to the 
analysis of the leakage current carried out by several re- 
search groups, the major factor which determines the 
leakage current is field-enhanced emission via grain 
boundary traps {6], [7]. Their model was developed based 
on the coplanar poly-Si TFT. The energy-band diagram 
in the drain depletion region, including the grain bound- 
ary trap level, is shown in Fig. 7(a). When the surface is 
accumulated, field emission current flows through grain 
boundary traps between the p accumulation layer and the 
n* drain. This trap-assisted emission current is predomi- 
nantly observed at the high drain voltage V D . In contrast, 
the thermal emission current via grain boundary traps, 
which depends only weakly on V Dt is not significant [6], 
[7]. Therefore, as has been suggested in the literature, the 
reduction in the electric field strength in the drain deple- 
tion region is the most effective method to decrease the 
leakage current [8]. The electric field strength modifica- 
tion can be accomplished by using a lightly doped drain- 
source (LDD) structure, which is widely used to reduce 
the hot-electron effect in bulk MOSFET's. However, a 
conventional LDD structure would require additional fab- 
rication processes. 

On the other hand, the staggered structure is suitable 
for the reduction of electric field strength, because it forms 
a vertical micro LDD structure automatically. This struc- 
ture has a sufficient ability to reduce leakage current wiuVj 
out degrading the on current. Fig. 7(b) shows sn cneI ^ 
band diagram for the staggered structure. The staggereoj 
structure weakens the field strength and thereby redi 
the leakage current. Since the offset distance is less 
a micron, it does not degrade other characteristics, su< 
as the mobility and the threshold voltage. 
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fig,* 7. The band model of TFT drain region based on carrier emission via 
grain boundary trap*, (a) Coplanar stniccurc, (b) ttaggered structure. 

Fig. 8 shows a comparison between leakage current 
characteristics in conventional structure poly-Si TFT's 
and staggered structure poly-Si TFT's. Both of them were 
fabricated using excimer laser annealing. The gate volt- 
age V c was chosen so that the drain current was a minimal 
value. As this graph shows, the coplanar-structure TFT 
leakage current is increasing rapidly with increase in drain 
<oltage. However, the staggered-structure TFT leakage 
current was stable up to 30 V. This current increase is due 
t> the field emission current as mentioned above. Cur- 
tnt-voltage dependence coincides with the theoretical 
expression. Leakage current has been reduced to I X 
*(T lb A(5 x 10'" A//im) at V D = 20 V which is more 
ian two orders of magnitude lower than that in the con- 
tntional structure. Frorr/these results it is obvious that 
bis structure is suitable/for reduction of leakage current. 
/ 

: ; /V. Conclusions 

A new fully integrated AMLCD technology, which 
onsists of staggered a-Si:H TFT's for active elements 
ad excimer laser annealed poly-Si TFT's for the periph- 
*l circuits, has been proposed. Except for the excimer 
ser annealing process, both a-Si:H TFT's and poly-Si 
?T's were fabricated at the same time in a single sub- 
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Fig. 8. The comparison of leakage cuneni characteristic* in coplanar 
structure and staggered structure. 



strate. The improvements of the a-Si:H TFT character- 
istics were obtained by optimizing the RF-power density 
at gate insulator deposition. The high field-effect mobility 
(102 cm 2 /V • s) is sufficient for the peripheral circuits. 
The on/off current ratio ( > 10 7 ) of the a-Si : H TFT is 
high enough for the switching elements. Moreover, leak- 
age current characteristics for poly-Si TFT's were im- 
proved by employing a staggered structure. 

Since the excimer laser annealing does not cause any 
damage to the glass substrate, it allows us to use a cheaper 
glass substrate. These result in low production cost. 
Moreover, peripheral driver integration avoids the inter- 
connection problem. 
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ABSTRACT 

High- per f ores nee lov-teaperature poly- Si TFTa 
vera developed by a 600 *C process so that a glass 
■ubitrate could be utilized. To achieve lov threshold 
voltage (Vth) and high field effect aobiUty <s> 0 ), 
affective hydrogenatlon .using a thin poly-Si gate 
vas eaployed. Furthermore, active layer poly-Si 
deposit ion conditions by LPCVD vara optimized. Thinning 
the gate poly- SI vas very effective in reducing Vtm by 
hydrogens t ion. Crystalllaity of poly-Si after theraal 
annealing at 600 t depended closely on the poly-Sl 
deposition temperature and vas a aaxisus at 550-560 X. 
The developed TFTs, vith poly-Si deposited at S50 "C 
tnd a 1000 A gats, had a V™ of 6.2 V and $i*a of 
37 cs'/V'S. These TFTs vere successfully applied to 
LCDs vith fully integrated drive circuits. 

INTRODUCTION 

Thin file transistors (TFTs) on transparent 
substrate are very important for asking the active 
satrit type liquid crystal displays (LCD). Poly-Si 
TFTs have a high field effect aobllity (ire), a 
potential to realize very large area LCDs (13* and a 
capability for peripheral drive cricults integration 
[2-4]. Peripheral circuits integration leads to 
reduction of ester nal drive ICs and external 
connections. Therefore, lover price and coapacter TPT 
LCDs ihould be realized in the near future. 

Use of conventional (lass substrates la also 
advantageous for reducing TFT fabrication costs, though 
high teapersture glass substrate has bean tentatively 
used to fabricate high tesperature poly-Si TFTs CS). 
To realize TFTs on hard glass substrate, the aaxisua 
process teaperature auat be belov 600 "C. 

Under this llaitation, a high quality active 
layer poly-Si is an indispensable coaponent to realize 
high-perforsonce poly-Si TFTa. Generally, lov pressure 
choaical vapor deposition (LPCVO) poly-Si and slaple 
theraal annealing for recrystalllzation have been 
used C3,6,7]. To obtain higher quality poly-Si, 
reduction of atoaic defects ( dangling bonds ) and 
laprovesent of crystallinity are necessary. 



In this paper, effective hydrogenatlon by H, 
plaaaa using a thin poly- Si gate and optieization of 
poly-Si deposition conditions vere studied. Further- 
tore, the developed TFTs vera applied to TFT LCDs 
to conflra the capability of uonolitiiic drive 
circuits integration. 

TFT FABRICATION 

Figure 1 shows a cross-sectional viev of the 
poly-Si TFT vith the conventional n-channel R0S FET 
structure. An under layer of S10 a vas deposited by 
ataospheric pressure cheaical vapor deposition 
(APCVD) on a hard glass substrate (100X100 as'). 
Poly-Sl (1500 A thick) was deposited at S 20- 630 r by 
LPCVD to give the active layer poly-Si. The poly-Si vas 
annealed to be recryatalHzed at 600 T, for Z0 h in N, . 
The poly- SI vas patterned into islands. Gate oxide 
(1000 A) vas deposited by APCVD . Goto poly-Si (500- 
3500 A) vas deposited by LPCVD at SS0 T!. After gate 
patterning, phosphorous ions vera leplanted at a dose 
of 5X 10 a ci~* and 30 keV to fora the source and drain 
region. After deposition of phospho-sillcate glass 
(PSG) for passivation, theraal annealing was carried 
out at 600 T: for 20 h in N, to activate leplanted 
ions. After setallizatlon by sputtered AlSi(2<), the 
substrate vas annealed at 400 "C for 30 ain in the 
foraing gas. Finally, hydrogenatlon vas carried out in 
a plasea reactor (13.56 HHx) at 300 1C. 



IMPROVEMENT OF HYDAOGEJfATION EFFECT 

Figure 2 shovs hydrogenatlon effect on threshold 
voltage vs. gate poly-Si thickness characteristics. 
Thinning of gate poly-Si vas reaarkabiy effective in 
reducing the threshold voltage. The reduction ratio is 
about SQ% at the gate poly-Si thickness of 1000 A . 

Figure 3 shovs the hydrogenatlon effect on field 
effect sobility vs. gate poly-Sl thickness 
characteristics. The field effect aobllity also 
increased in the thin poly-Sl gate TFTs. 

Futher thinning of the gate ( belov S00 A) say 
be corn effective, however, the sheet resistance of 
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gate poly-Si Increased. Thei ..ois, the Gate poly-Si 
thickness of 1000 A vaa adopted in this study. 

OPTiniZAIION OF POLY-Si DEPOSITION CONDITIONS 

Figure 4 plots dependence of X-ray diffraction 
intensity of (111) aurfaca on poly-Si deposition 
teaperature. The intensity tas uaed as an indicator for 
crystallinity of the poly- Si layer* The poly-Si 
deposited belov 560 1C vaa aaorphous. After there* 1 
annealing at 600 X. the poly-Si dopoaited at 550-560 
r shoved the highest- intensity indicating that it had 
the highest crystallinity (aean grain size : 200 A), 
Thla vas assuaed that nucleation in the deposition 
proceas and recrystalliiatlon in annealing were optiaal 
for the Si fill deposited at S50-S60 XT. 

Figure 5 plots dependence of field effect 
nobility and threshold voltage on poly-Si deposition 
taoporature. Ia thia espar leant* the gate thickness 
vas 3500 A, therefore hydrogenatlon vaa eot applied. 
The field effect aobility becaae s aaxioua (30 caW-s) 
and threshold voltage becaae a ainisus (12 V) at the 
deposition teaperature of about 550 XT. These results 
sgree vlth the results of Figure 4. 

TFT CHARACTERISTICS 

Figure 6 shows the drain current-gate voltage 
characteristics of the TFT which had an optiaua 
structure vith poly-Si deposited at 550 "C and thin 
gate of 1000 A . The on-current vaa reaarhably is proved 
by hydrogenatlon when high quality poly-Si vas used* 
It vas noteworthy that the curve had a flat bo t Cos in 
the gate voltage region of -10 to 0 V. The off- 
current vas constant and Independent of the channel 
length (5-120 jia). Thla indicated that off-current in 
the flat region depended only on the characteristics of 
if*-! junction and that the sain component of the 
leakage current vaa the generation current in depletion 
layer. Therefore, the leakage current should be reduced 
by reducing the trap density end thinning the active 
layer polv-Sl. 

Figure T shova drain current-gate voltage 
characteristics of TFT vlth poly-Si deposited at 520 
X:. The on and off-current characteristics vere also 
iaproved. But in this figure, the TFT vlth lov 
quality poly-Si did not have flat bottoa behavior. 

Table 1 suaaarites the characteristics of the 
TFTs vith optielied-tcaperature (5S0 r)-deposited 
poly-Si and thin gate (1000 A). 



APPLICATION FOR LOGIC CIRCUITS AND LCD 

Table 2 susurizes the characteristics of Sl-stage 
ring oscillators. This high speed operation shoved the 
possibility for coaposing logic circuits vith the 
developed TFTs 14]. 



Figure 6 she ^chesatic dlagraa of the drive 
circuits integrate*, display vhloh had a diaplay area 
vith a 3.3* diagonal and 296(H) X I J3(V) dots. 

figure 9 shova aulti-color dip lay ieage of poly- 
Si TFT CCD vlth fully Integrated drive circuits. Whole 
dlplay area vaa drlved by aoholitblcelly-integrated 
drive circuits vlth supply voltage of 20 V. 

SUftMJRY 

High-perforoance low- teaperature poly-Si TFTs 
vers developed by a 600 process on glass substrate. 
Threshold voltage vas reaarkably reduced using a thin 
gate (1000 A) by H, platan hydrogenatlon. X-ray 
diffraction intensity (an indicator of crystallinity) 
of poly-Si depended closely on poly-Si deposition 
teaperature and shoved eaiisus at 550-560 "C. The 
developed TFTa vith poly-Si deposited at 550 1C and a 
thin gate of 1000 A had the Vm of 6.2 V and Mrs of 
37 cs'/V's. These TFTs should be used to realize LCDs 
vith aonolithlcally-integrated data and scan drive 
circuits. 
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